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ABSTRACT
SHIBATA, S. AND A. H. BRIGGS: The relationships between electrical and mechanical events
in rabbit aortic strips. J. Pharmac. exp. Ther. 153: 466â€”470,1966. This study was undertaken
in an attempt to measure electrical changes and mechanical response in the rabbit aortic strip
and to gain some insight into the relationship between mechanical and electrical events in a
large mammalian blood vessel. An external electrode technique was used to measure potential
changes. Simultaneous tension changes were recorded by means of a strain gauge transducer.
It was found that isotonic potassium chloride Ringer's solution produced membrane depolari
zation of 9.6 Â±0.5 mV followed by contraction and an artifactual (junctional) potential of
1.9 Â±02 mV. Epinephrine (1 @@g/ml)produced an immediate contraction followed by mem
brane hyperpolarization of 8.6 Â±1.0 mV. Angiotensin produced immediate contraction but no
potential changes. Ca-free Ringer's solution produced depolarization and either no tension
changes or relaxation. It was concluded that mechanical events may occur independently of
changes in the resting membrane potential in the rabbit aortic strip.
Much controversy still exists about the rela
tionship between electrical and mechanical
events in vascular smooth muscle. Several work
ers, using intracellular microelectrode tech
niques, have demonstrated induced or spon
taneous muscle action potentials in small blood
vessels of the turtle (Roddie, 1962), frog (Fu
naki, 1960, 1961), rat (Trail, 1963; Funaki and
Bohr, 1964) and sheep (Keating, 1964). How
ever, other investigators have been unable to
show action potentials in some large mammalian
blood vessels in the absence of or during stimu
lation(Barr,1961).Su etal.(1964),usingmi
croelectrodes, reported that contractile responses
of a large blood vessel (rabbit pulmonary
artery) to norepinephrine and sympathetic
nerve stimulationoccurredin the absence of
actionpotentialsor changesinrestingpotential.
There is also other indirect evidence that con
traction induced by epinephrine in vascular
smooth muscle may occur in the absence of
changes in the membrane potential (Waugh,
1962).
Although the rabbit aortic strip has been
used extensively as a model to study vascular
smooth muscle, its electrical properties have not
been defined. This study was undertaken in an
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attempt to measure electrical changes and me
chanical response in the rabbit aortic strip and
to gain some insight into the relationship be
tween mechanical and electrical events in a
large mammalian blood vessel.
METHODS. Rabbits weighing 2 to 3 kg were in
jected with pentobarhital (35 mg/kg) and bled,
and the aortas were removed. Spiral aortic strips
were then prepared. Strips 2 to 3 mm in width and
30 to 40 mm in length were then either placed in
50% glycerol (100 mM histidine buffer, pH 7.0) for
7 days at 2Â°Cbefore use (referred to as glycerol
treated) or used directly (referred to as untreated).
One end of the strip was inactivated (crushed by
forceps) in isotonic potasium chloride (KC1) so
lution. They were mounted almost horizontally in
an organ bath filled with Ringer's solution as illus
trated in figure 1. The tissue was then connected
with thread to the electrode in mineral oil which
was layered on top of the medium. The other end
of the strip was connected through a glass bar to
a strain gauge transducer (Grass FTO3) to record
contractions. Tension (1 g) was applied to each
strip. The potential difference between the inac
tivated and normal part of the tissue was recorded
by a pair of silver-silver chloride electrodes. The
electrode in the mineral oil was connected to a
cathode-follower amplifier (Medistor A-34), and
potential changes were monitored on a cathode
ray oscilloscope. Both electrical and mechanical
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FIG. 1. Illustration of the techniques used to measure simultaneously potential and tension changes
in rabbit aortic strips.
changes were simultaneously recorded with a Grass
polygraph.
The strips were always preincubated in normal
Ringer's solution for 2 hr before the experiments
were started. The Ringer's solution contained:
NaC1, 153.9 mmol; KC1, 5.4 mmol; CaC12, 2.4
mmol; NaHCO3, 16.8 mmol; and dextrose, 11
mmol. The isotonic KC1 solution contained: KC1,
138.4 mmol; KHCO3, 16.8 mmol; CaCl2 ,2.4 mmol;
and dextrose, 11 mmol. These solutions were main
tained at 35â€”37Â°Cand equilibrated with 95% 02
and 5% CO2 (pH 7.3) in the water bath by means of
a capillary glass tube placed into the solution. The
solutions in the bath were changed by means of an
infusion withdrawal pump system. Stock solutions
of epinephrine hydrochloride (100 @g/ml)and angi
otensin amide (500 /Lg/ml) were prepared. Of these
solutions, 0.4 ml was then added to the 40 ml of
Ringer's solution in the bath through the mineral
oil by means of a syringe and 22-gauge needle, so
t.hat the final concentration of epinephrine or an
giotensin was approximately 1 @g/mland 5 /Lg/ml
respectively.
RESULTS. Effect of isotonic KC1 Ringer's
solution. Figure 2A is a typical result produced
by isotonic KC1 solution. Note that when ordi
nary Ringer's solution was replaced by isotonic
KC1 in the organ bath a rapid decrease in po
tential occurred (depolarization) slightly before
the onset of contraction. The mean value of this
change in 6 experiments was 9.6 Â± 0.5 mV
(table 1).
Figure 2B shows the potential produced by
isotonic KC1 in glycerol-treated aortic strips.
Note that there was a small change in po
tential, but that no contraction took place. Mean
value of this change in 8 experiments was 1.9 Â±
0.2 mV (table 1).
Effects of epinephrine. Figure 3A shows a
typical result produced by epinephrine (1 p@g/
ml) . Note that epinephrine produced an im
mediate contraction which was followed by an
increase in potential (hyperpolarization) . The
mean value of this potential change in 5 ex
periments was 8.6 Â± 1.0 mV (table 1) . Epi
nephrine had no effect in glycerol-treated prep
arations (fig.3B; table 1).
Effects of angiotensin. Angiotensin (5 /Lg/ml)
produced contraction but no potential changes
(fig.4; table 1). Aortic stripspretreated with
angiotensin to produce partial contractiQn did,
however, produce the typical potential and
tension changes in response to isotonic KC1
and epinephrine (fig. 4B and C; table 1).
Effect of calcium-free Ringer's solution. Fig
ure 5A shows the effect of replacing ordinary
Ringer's solution by a Ca-free solution. The po
tential decrease (depolarization) began within
a few seconds after the application of Ca-free
solution and continued over the next 10 to 15
mm. The mean value of the potential change
after 15 mm was 9.6 Â± 1.3 mY (table 1). TJsu
ally, relaxation was observed following the po
tential change. Occasionally no tension changes
were noted, even though a typical potential
change occurred. Ca-free solution produced no
change when glycerol-treated aortas were used
(fig. 5B; table 1).
DIscussIoN. Although there are now numer
ous studies of the electricalproperties of skele
tal, cardiac and visceral smooth muscles, it has
only been recently that this aspect of vascular
smooth muscle has been investigated. It was
assumed from studies of other muscles that
changes in membrane polarization were a neces
sary step prior to the onset of contraction
(Burnstock et al., 1963), even though under






















(1 pg/mi)45.0 Â±0.5 (H)+
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B that isotonic KC1 consistently produced mem
brane depolarization followed by contraction
(fig. 2A; table 1). This effect was reversible
IsotonicKCI when the tissue was returned to Ringer's solu
tion. In order to determine whether some of the
4, potential change could be an artifact as a re
sult of a junctional potential mduced by iso
tonic KC1 or by slight displacement of the strip
at the oil-aqueous interface, we carried out a
series of identical experiments using glycerol
treated preparations, and mechanically changed
-@ the tension of the preparation. Isotonic KC1
did produce a small potential with a mean of
_________ 1.9 Â±0.2 mY (fig. 2B; table 1). No artifactual
@ 10 Mm. â€˜¿potentials were recorded under the other condi
tions of our experiments. (figs. 3B and 5B;
table 1). Furthermore, changes in tension of the
preparation of 1 g or over induced manually
had no effect in fresh or glycerinated prepara
A.
FIG. 2. Simultaneous measurements of the poten
tial (upper tracing) and tension (lower tracing)
changes produced by replacing Ringer's solution
with isotonic KC1 in untreated (A) and glycerol
treated (B) rabbit aortic strips.
tions.
The potential changes induced by isotonic
KC1 were small. This could be due to several
factors, which include: 1) complete depolariza
tion does not take place in isotonic KC1; 2)
the resting potential is characteristically low in
the rabbit aorta; and 3) the membrane is
partially depolarized as the result of the Ringer's
solution. Whatever the reasons, we feel that, for
this study, it is the consistency and the direc
tion of the changes which are important, and
not the absolute values.
That contraction can occur independently of




Fio. 3. Simultaneous measurements of the po
tential (upper tracing) and tension (lower tracing)
changes produced by epinephrine (1 @eg/ml)in un






+ = contraction,â€”¿= relaxation,0 = noresponse.
@ D â€”¿depolarization, H = hyperpolarization, A = artifact.
electrical and contractile properties in smooth
muscle could be uncoupled (Singh and Acharya,
1957; Evans et o.1.,1958; Durbin and Jenkinson,
1961). Several recent studies have indicated
that in some vascular smooth muscles contrac
tion may take place without changes in mem
brane polarization (Barr, 1961; Headings and
Rondell, 1962; Su et al., 1964).
In order to investigate whether potential
changes could be measured in the rabbit aorta,
we studiedtheeffectofisotonicKC1. We found
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A. B. C.
â€˜¿10Mm. 5Mm. â€˜¿ 5Mm.
Fio. 4. Simultaneous measurement of the potential (upper tracing) and tension (lower tracin@)
changes induced by angiotensin (5 @.sg/ml)(A), angiotensin followed by isotonic KC1 (B) and angiotensin
followed by epinephrine (1 ,@g/mI) (C).
A. B.
10 mvICa free Ca free
IOMi@ 10Mm.'
FIG. 5. Simultaneous measurements of the potential (upper tracing) and tension (lower tracing)
changes produced by replacing Ringer's solution with Ca-free Ringer's solution in untreated (A) and
glycerol-treated (B) rabbit aortic strips.
periments with epinephrine, angiotensin and
Ca-free solution. Epinephrine induced a hyper
polarization which always followed the onset of
contraction (fig. 2A), angiotensin produced con
traction without a change in membrane poten
tial (fig. 4A) and Ca-free solution produced
depolarization associated with relaxation or no
tension change (fig. 5A). It is of interest to point
out that even though angiotensin produced no
potential changes, both isotonic KC1 and epi
nephrine could still produce their characteristic
effects, although somewhat reduced, when angio
tensin was present (fig. 4B and C; table 1).
It should not be assumed from these experi
ments that epinephrine would have the same
effect on the membrane potential under differ
ent experimental conditions or in vivo, since this
would depend on the state of the smooth muscle
cells. If the initial cell potential is low, as it ap
pears to be in our experiments, epinephrine
would increase it; but, if it is high, the hyper
polarization may be very small or absent. It
should also be pointed out that small asynchro
nous spike potential activity may occur, but re
main undetected by the present technique. It
is of interest, however, that Su et al. (1964)
were unable to record spike activity from the
rabbit pulmonary artery with microelectrodes
during adrenergic stimulation. Another situa
tion in which contraction of a smooth muscle
can occur without action potentials was indi
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using microelectrodes, found that epinephrine
and norepinephrine produced a slight hyper
polarization associated with contraction in the
isolated circular muscle of the fundus of the
rabbit stomach.
Previous data from our laboratory indicated
that Ca was directly involved in the contraction
produced by epinephrine (Briggs and Melvin,
1961). It was also found that exposure to epi
nephrine causes a marked increase in K efflux
and influx, but no change in Nan' net entry.
Although no interpretation of the Na results
was given, it was suggested that the K changes
may be related to electrical events at the
membrane. These flux data make it reasonable
to suggest that the hyperpolarization produced
by epinephrine demonstrated in the present
study results from a selective increase in K
permeability, while contraction results from an
action of epinephrine which involves Ca.
Since angiotensin has no effect on membrane
polarization, it is possible that this agent may
directly affect Ca metabolism to produce con
traction without changing the ionic permeabil
ity of the membrane to K. Isotope studies to
investigate this possibility are being carried out.
CONCLUSIONS. It has been demonstrated that
the external electrode technique described can
be used to record resting potential changes in
the rabbit aortic strip. The data indicate that
electrical and mechanical events may occur inde
pendently in this tissue.
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